I. INTRODUCTION
The formation of local magnetic moments in solids has implications that range from the design of nanoscale data storage devices to the field of massive hard magnets 1, 2 . Such magnetic materials usually require the presence of heavy transition-metal or rare-earth elements in order to provide a sufficiently large magnetic anisotropy. At the origin of the desired magnetic stability is an orbital contribution to the magnetic moment. In 3d transition-metal compounds, however, this contribution is normally almost fully suppressed by the crystal electric field. Few exceptions are known that are not subject to such an 'orbital quenching', for example: LuFe 2 O 4 3,4 , NiO 5 , or molecular magnets with low coordination numbers 6, 7 .
More recently, orbital moments, which give rise to large magnetic anistropy, were found in 
II. METHODS
In view of the sensitivity of the starting materials and of the reaction products to moisture and air, all manipulations associated with sample preparation and handling were performed in inert atmosphere using an Ar-filled (Praxair, > 99.999 %, purified with AirLiquide Oxisorb catalyst) glove box (MBraun, p(O 2 )/p 0 < 0.1 ppm, p(H 2 O)/p 0 < 0.1 ppm).
Laboratory powder X-ray diffraction data of selected and finely ground black crystals of were taken with a digital Dual FDI NTX camera manufactured by Photonic Science (tungsten anode, U = 20 kV). Chemical analysis was performed using inductively coupled plasma optical emission spectroscopy (ICP-OES, Vista-MPX). To this end, the samples were dissolved in a mixture of deionized water and dilute hydrochloric acid (37 %) in a ratio of 23:2.
The magnetic measurements were performed using a 7 T Magnetic Property Measurement System (MPMS3 manufactured by Quantum Design), the heat capacity was measured in a 14 T Physical Properties Measurement System (PPMS manufactured by Quantum Design).
Ab initio calculations were carried out using the quantum chemistry package molpro 22 .
We applied all-electron Douglas-Kroll basis sets of triple-zeta quality for the The reflections of the X-ray powder diagrams of both phases were indexed in the tetragonal system. Indexing of the single-crystal diffraction images yielded tetragonal unit cells of Laue class 4/mmm. Systematic extinctions were identified leading to space group, P 4 2 /mnm (#136) and its tetragonal subgroups P 4 2 nm (#102) and P4n2 (#118); all further calculations were executed in the highest-symmetry space group. Crystallographic data, atomic coordinates, and isotropic thermal displacement parame- 
293 (1) 293 (1) 293 (1) 2Θ ters from structure refinements obtained by single crystal X-ray diffraction data are summarized in Tables I and II , relevant interatomic distances are listed in Table III 0.026 0.014 (7) 0.03 0.034 (14) one (2b Wyckoff site) is merely, if at all, substituted. The transition occurs at T C = 77 K. In both materials the peak is suppressed in an applied magnetic field of µ 0 H = 7 T.
the origin for the missing entropy is unclear. However, the specific heat measurements were reproduced by using additional samples. The results revealed an identical behavior with the same transition temperatures and entropies and furthermore proved well defined Co concentrations by using an isotropic, bulk measurement.
VII. QUANTUM CHEMISTRY CALCULATIONS
The Co d-shell electronic structure was analyzed on the theoretical side by ab initio manybody quantum chemistry calculations. For this purpose, we used an embedded cluster de- As starting point for our computational investigation, complete-active-space self-consistentfield (CASSCF) 35 calculations were performed. We utilized an active space defined by the five 3d orbitals at the Co site and eight electrons associated with the Co 1+ 3d 8 valence configuration; to achieve a good description of the lower-energy part of the d-d excitation spectrum, the orbitals were optimized for an average of the lowest three triplet states. In the subsequent multireference configuration-interaction (MRCI) 35 treatment, the N 2s, 2p
and Co 3s, 3p, 3d electrons were correlated. Spin-orbit couplings (SOC's) were then accounted for according to the procedure described in Ref. 36 . The solid-state surroundings were modelled as a large array of point charges fitted to reproduce the crystal Madelung field in the cluster region 27 .
We found that the low-lying (< 1 Table IV Shown are the values of T C determined from magnetic susceptibility (χ) and specific heat (HC) as well as the inferred Weiss-temperatures (Θ W ), effective magnetic moments (µ eff ), coercivity fields at T = 2 K (µ 0 H c ) and entropy (S ). 
